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Product Stewardship is a global
term which arises from Responsibie
Care initiatives originating in the
United States. Canada and Europe.
Product Stewardship is an extension
of previously existing product safety
programs, the principles of which are
applied to all aspects of the product
life cycle. Where product safety was
concerned only with the product in
its package. Product Stewardship ad-
dresses the product. its manufactur-
ing process and applications. Hence,
we look at the product, how it is
made. how it is used and how its re-
sidual is disposed of. The essence of
Product Stewardship is the respon-
sible and ethical management of our
products from design to ultimare dis-
position or from cradle to grave. The
comerstone of Product Stewardship
is the Product Life Cycle. The life
cycle is meant to be continuous and
includes customer need. raw materi-
als acquisition. product design and
development, manufacruring. product
distribution. product usage. recycle
and reuse and disposal. As the life
cycle is viewed in a continuum, en-
try into the cycle can begin at any
point. Usually. customer need drives
the life cycle for new products.
Changing and evolving regulations
can triggered product re-design/re-
finement.

A comprehensive product safety
program has been in existence at
Cyanamid/Cytec since the early
1950s. Hazard class-ificanon was at
the core of the program. In evaluat-
ing the risk of a product. one takes
into account hazard and exposure, as
hazard and exposure comprise rsk.
Hazard is a materials intrinsic poten-
tial to cause harm. This may include
health, physical or environmental ef-
fects. Exposure is the contact that a
material makes with human. animal
or plant life. or with air, water or seil.
Risk is the combination of hazard and

exposure that establishes the prob-
ability of an occurrence of an un-
wanted adverse effect on human
health or the environment. Risk man-
agement, on the other hand. is the
proactive effort to reduce potential
risk. either through reducing the haz-
ard. reducing exposure or reducing
both. Reducing the hazard, which is
an intrinsic characteristic of the ma-
terial. usually requires product refor-
mulation. That is, the substiution of
araw material for aless toxic raw ma-
terial or process changes which re-
duce residual levels of potentially
hazardous materials. Safety, on the
other hand, is the relative protection
from adverse conseguences. That is,
the absence of nisk.

A program to assess risk starts with
an assessment of hazard. As we said.
hazard includes physical. health and
environmental hazard. Physical haz-
ard is an intrinsic property of amate-
rial which can only be modified by
changing chemical formulaton or
modifying the manufacturing pro-
cess. Physical hazards can include
flammability. combustibiliry, reactiv-
ity, explosivity or slippery spills (¢.g.
PAM’s), etc. These hazards can be
reduced by solvem: replacement for
example. Replacement of isopropanol
with propylene glycol or isobutanol
can significantly alter flash point to
make a flammable material nolonger
such. This is addressed by the design/
development and raw materials ac-
quisition phase of the product life
cvcle.

Health hazards are assessed by con-
ducting a battery of toxicology evalu-
ations. This inciudzs an assessment
of acute effects (i.e. effects that re-
sult from a single exposure) or
chronic effects (i.e. effects resulting
from long-term repeated exposure).
Acute effects are associated with le-
thality or death, This inciudes an as-
sessment of LD (lethal dose) of LC
(lethal concentraticn) in laboratory
animals. Here the endpoint is the dose
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or concentration of a material which
results in 50% mortality within a
given period of time. Oral. inhaladon
and dermal are the most common
routes of exposure. The lower the LD/
LC 50 number. the greater the toxic-
ity. Anoral LD30 of 50 mg/kg orless
would be considered very toxic. Irmi-
tation is soreness, redness, roughness
or inflammation of bedily tissues. It
can range from reversibie mild/mod-
erate effects to irreversible chemical
bums. Organic solvents for example
produce a mild/moderate skin or eye
irritation. while sulfuric acid or so-
dium hydroxide produce a serve
chemical burn.

Sensitization, also considersd an
acute effect, is an allergic reaction re-
sulting from repeated exposure 0 a
chemical. A common exampie of sen-
sitization is exposure to poison ivy.
Chemical induced allergy can be in-
duced by epoxy resins (skin contact)
or isocyanates (inhalation exposure).
With sensitization, an initial exposure
period not resulting in an effect is
nesded for antigen/antibody buildup.
Subsequent exposures trigger the ad-
verse effect. Chronic effects include
birth defects, reproductive disorders,
cancer and organ system damage.
Birth defects are deleterious structural
malformation in a fetus. Ethanol and
prganic mercury commonty produce
birth defects in laboratory animals
and may produce this same in man.
Adverse effects of chemicals that in-
terfere with the ability of males or fe-
males to reproduce are classified as
reproductive toxins, Toluene and
acrylonitrile cause such effects in
animals.

Cancer is defined as the uncon-
trolled cell death resulting in the for-
mation of tumors. Evidence of carci-
nogenicity comes from human epide-
miclogy studies or chronic animat
toxicity studies. acrylamide mono-
mer, formaldehyde and acrylonitrile
have been shown 10 cause cancer in
laboratory animals. Human epidemi-



ology studies indicate that there is no
evidence that acrylamide causes can-
cer in humans. Chemicals may
present immediate or delayed hazards
to hurnan organs or systems. The site
of the adverse effect may be distant
from the initial contact point of the
chemical. Ethanol, for example,
causes liver effects following oral
ingestion.

The impact of chemicals on the en-
vironment is assessed by using
aquatic and environmental endpoinis.
Agquatic toxicity is assessed as the
lethality to fish and aquatic organ-
isms. The LC50 (lethal concentration
required to kill 50% of the organisms
in a given time) is the common mea-
sure. The lower the LC50, the greater
the toxicity. Nonyl phenol, for ex-
ample, has an LC50 of less than 1
ppm (mg/l). making it highly toxic.
Bicaccumulation is defined as the
concentration build-up of a material
over time. The octanol/water pariiton
coefficient is a measure of
Bioaccumulation potential. The lower
the octanol/water partition coeffi-
cient, the more water soluble a mare-
rial is. Acrylamide, for examplie. has
alog Kow of 0.31, indicating 1t to be
highiy water soluble. Organic mer-
cury is another material that builds-
up over time. Minamata Disease in
Japan resulted from organic mercury
waste being durnped in to the ocean
and bioaccumulation in fish. Persons
eating the fish suffered from neuro-
logical and reproductive effects of
organic mercury. Biodegradability is
the rate and degree of chemical break-
down in soil or water BOD and COD
are indicators of a material’s biode-
gradabiliry potential.

Persistence is the ability of a mate-
rial to exist in the environment with-
out changing. The half-life of a
chemical in soil or water is an indi-
cator of persistence. The larger or
longer the half-life, the greater the
persistence. The pesticide DDT and
polychiorinated biphenyis (PCBs)
have been shown to be persisient in
the environment. With the passage of
the 1990 Clean Air Act amendments,
there have been increasing scrutiny
on materials which have the poten-
tial to damage the ozone layer This
includes the concentration of YOC's
in a product and their ability to be re-
leased during usage.

Once an assassment of physical.
health and environmental hazards of
a material are made, one needs to
evaluate potential for exposure. One
way of minimizing risk is to minimize
or eliminate exposure. With regard to
exposure. we include. duration/fre-
quency of exposure. route of expo-
sure and concentration/degree of ex-
posure. Exposure control measures
can include 2ngineering controls and/
or the use of personal protective
equipment.

The principle of Product Steward-
ship. outlir.ead above. have been ap-
plied to the use of polyacrylamide in
soil erosicn applications. Results of
hazard assessment indicate that the
polymer its21f is non-toxic. This owes
itself 1o its high molecular weight (7-
15 million g mol"! which is not readily
absorbed by the gastrointestinal tract.
Polyacrylamides can be positive.
negative or neutral in charge. The mo-
lecular weight of PAMs commer-
cially available range from a few
thousand to 20 million.

Polyacryviamides exhibit a low or-
der of toxicity to mammalian sys-
tems. including high acute oral LD30
values by the oral and dermal routes
(> 5 grams/kg). Slightdermal and eye
irritation have been noted at high
doses. No significant adverse effects
were seen in chronic oral studies in
rats and nc compound-related repro-
ductive effzcts were seen in a thres-
generation study in rats. Human epi-
demiology studies demonstrated no
association between unintentional oc-
cupational exposure o PAMSs and tu-
mors. Emuision PAMs produce slight
1o severe sxkin and eye irmitation.

The toxicity of acrylamide mono-
mer (AMD) has been well character-
ized. Acryiamide was acutely toxic to
rats when given orally and to rabbits
when applizd dermally (LD50 values
of 293 mg kg and 252 mg/kg. respec-
tively), AMD caused moderate skin
and eve irritation in laboratory ani-
mals. AMD is 2 well-known
neurotoxicant. It produces a distal-tc-
proximal ¢ying back axononopathy
in the perigheral nervous system. Ini-
tially, portons of the large diameter
nerve fibers in the extremities are af-
fected. With prolonged exposure, the
fiber degeneration processes up the
arms and lzgs affecting regions closer
1o the brain. The functional indica-

tors of AMD toxicity include both
sensory loss and motor weakness.
Regeneration of atfected nerves takes
place after cessation of exposure.

Acrylamide has been tested for mu-
tagenicity in a batery of genetic toxi-
cology tests. Acrylamide does not in-
duce point mutations. Acrylamide has
been shown 10 be inactive in the Ames
test. Similarly, AMD did not increase
the frequency of sister-chromatid ex-
changes in CHO cells in tissue cul-
ture. AMD did not induce a positive
response in the CHO/HGPRT for-
ward mutation assay. In contrast (o
the studies listed above which test for
direct interactions with DNA, stud-
ies which evaluate the effects on chro-
mosomes indicate that AMD can
break chromosomes in rats and mice.
AMD has been shown to induce
dominant lethals in rats and heritable
translocations in mice, both at doses
which cause neurotoxdcity. It has been
shown that AMD reacts preferentially
with the proteins of the chromosomes
rather than directly with DNA. The
weight of the evidence indicates that
AMD does not react directly with
chromosomes.

An initial lifetime study in rats
where acrylamide was administer in
the drinking water indicated that a
variety of tumors could be produced
by AMD at doses of 2 mg/kg/day. A
second lifetime study was conducted
by Cytec to clanify the results seen
from the first study. In this study, male
F344 s received 0.1. 0.5, and 2 mg/
kg/day and female F344 rats received
1 and 3 mg/kg/day in their drinking
water for 2 vears. The only malignant
tumor significantly increased in this
study was testicular mesothelioma
ohserved in the 2 mg/kg dose group
only. Testicular mesothelioma is a
rumor site unique to male rats. Non-
malignant tumors of the thyroid were
increased at doses above 0.5 mg/kg.
Mammary tumors were statistically
increased but were in the historical
control range.

Two epidemioclogy studies have
been compieted on workers exposed
to acrylamide. In the first study, al-
though no excess cancer mortality
was noted when the morality patierns
of 371 employees exposed 10 AMD
were examined. the limited sample
size preciuded a valid assessment of
the carcinogenic potential to man. In



2 second study. monality from all
causes among 2293 acrvlamnide ex-
posed workers was 11% less than ex-
pected based on comparison with the
US general population. These more
recent epidemiological study results
indicate that occupational exposure to
acrylamide was not associated with
a statistical increase in cancer.

The environmental effects of poly-
electrolytes has been addressed as
well. Cationic polymers have besn
shown 10 be toxic 1o fish when evalu-
ated in prisune water in the absence
of suspended solids. Additicn of hu-
mic acid as a source of suspended
soiids reduces the toxicity of catonic
polymers as evidsnced by an increase
in LCS0 values. Mechanistic studies
reveal that cationic polymers. in the
absence of suspended selids, bind to
fish gills and produce a2 mechanical
suffocatdon as opposed to sysiemic
toxiciry. Anionic PAMs show a re-
duced aquatic toxicity profile. In ad-
dition. they do not cause adverse ef-
fects on plants. worms. soil nutrients
or nitrifying bacteria. Additional en-
vironmental consideratons with re-
gard to emulsion polyvacrylamides
include oils and surfactants. Nonyl
phenol, for example, has been shown
10 be fairly toxic to fish (LC50 < 1
ppm). Degradation of PAMs in soil
is anticipated 1o occur with time as a
resuit of mechanical degradartion,
chemical and biclogical hydrolysis,
sunlight. salt and temperature efects.
Polymer degradation has been re-
ported in the literarure to be approxi-
mately 10% per vear. PAM degrada-

Tabie 1
Species LCS0 (ppm) Duration of Test
Bluegill Suniish 100 g6 hr.
Rainbow Trout 110 €6 hr.
Fathead Minnow 120 g8 hr,
Daphniz Magna 160 48 hr.
Midge Larvae 410 48 hr.

tion does not release free acrylamide
moenomer. Polyacrylamide products
are currently manufactured to speci-
fications which reduce residual AMD
monomer content 1o < 0.05%% residual
AMD, Fate and effect studies reveal
that AMD is not taken up into plants.
This has been demonstrated in toma-
toes. corm and beans,

The aquatic toxicity of acrylamide
monomer has been determined in
flow-through studies. The results in-
dicate that the monomer is non-toxic
10 aquatic organisms.Ses table 1.

Acrylamide monomer is biodegrad-
able in the environment The BODS
is 34 to 753% of theoretical and the
BOD20 is 100% of thegretical.

Conclusion

Product Stewardship is the ethical
and responsible management of prod-
ucts from design to ultimate disposal.
As an extension of Product Safety, we
are no longer limited in scope to just
evaluaring the product in its package.
Product Stewardship looks at design/
development, manufaciure, packag-

ing. disposal. energy conservation.
raw materials, ransport and ultimate
disposal. It is full environmental cost
accounting applied to products. Atthe
cornersione of Product Stewardship
is the product Life Cycle. One must
consider all aspects of the product
Life Cycle. As a component of the
Life Cycle is manufacmure, use and
disposal of products. An evaluation
of product applications is part of the
procsss. For polvacrylamides. the
dara supports the use of these prod-
ucts in soil erosion applications. The
poiymers are non-toxic and not harm-
ful to the environment. The monomer
level has been greatly reduced over
the vears. AMD monomer. while neu-
rotoxic t0 man and animals) and car-
cinogenic in animals is readily water
soluble and biodegrades rapidly inthe
environment. Polymer does not bio-
degrade to monomer in the environ-
ment. There is no indication of any
adverse impact on soil systems and
plants when anionic PAMs are used
in soil erosion application.



